The cervical sympathetic nerves have caught increasing attention as for their effects on the development of cervical vertigo. To be specific, sympathetic nerves that belonged to the automatic nervous system dominated nearly all the visceral organs. 6 Multitudes of blood vessels within human body were only subject to the control of sympathetic vasoconstrictor fibers, and the fluctuations of the discharge frequency with a certain range might alter the vessel caliber largely, thereby adjusting the blood resistance and blood flow with various organs. 7 Accordingly, stimulating cervical sympathetic nerves could contribute to reduced blood flow of the vertebra-basilar arterial (VBA) system, namely posterior circulation ischemia (PCI). 8 The adjustment of vessel caliber was indicated as a major regulatory factor engendering PCI, and the vasoconstrictive effects of sympathetic nerves were realized through the neurotransmitters released from postganglionic fibers, including noradrenaline (NA) and neuropeptide Y (NPY). Furthermore, NPY could directly act on vascular smooth muscle cells to contract vessels and also reinforced the vasoconstrictive effects of other vasoconstrictive substances. All in all, NPY and NA could corelease to induce arterial reflex spasm.
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As the functions of NA and NPY might be subject to the regulation of genetic polymorphisms, for instance, the adrenoceptor alpha 2B (ADRA2B) del301-303 variants were associated with remarkably dropped de-sensitization that was mediated by G protein-coupled receptor kinase. 12 Furthermore, certain single nucleotide polymorphisms (SNPs) within NA and NPY also modified the susceptibility to vasoconstriction-relevant disorders, such as hypertension and obesity. 13, 14 Consequently, it was hypothesized that the SNPs located within NA and NPY might also play a regulating role in the development of cervical vertigo, for that it was PCI-induced.
Thus, the current investigation was aimed to explore the potential associations of SNPs within ADRB2, ADRB1, NPY, and ADRA1A with risk and prognosis of cervical vertigo, which might provide assistance regarding the search for the corresponding diagnostic biomarkers and treatment targets. 
| MATERIALS AND METHODS

| Subjects
| Genotyping
The whole-blood DNA extraction kit (Model Number: D3184-02 ™ ,
OMEGA corporation, Doraville, GA, USA) was employed to extract DNA following the method of centrifugal column. The SNPs were detected on the 7900HT real-time fluorogenic quantitative polymerase chain reaction (PCR) instrument (Model Number: 7900
Realtime PCR System ™ , Applied Biosystems, Foster City, CA, USA),
and PCR reactions were conducted using the TaqMan R SNP genotyping assays (ID: 4351379, ABI corporation, Carlsbad, CA, USA).
The primers for selected SNPs are shown in Table S1 . The PCR reaction abided by the conditions of (1) 
| Clinical manifestation and physical examination
The subjects were clinically manifested as swirling and/or vertigo, along with symptoms of nausea, vomiting, tinnitus, and hearing loss.
The severe ones might suffer from cataplexy, and the most commonly associated neck symptoms were shown as neck and shoulder pain.
Of note, the clinical performance of cervical vertigo included swirling and vertigo. Swirling was the misconception of motion and included senses of rotation, roll, topple, swing, and sink. Vertigo only possessed senses of head heaviness, head lightness, dim eyesight, and blackout, without any feeling of sports. In addition, the subjects with cervical vertigo were checked with mainly tenderness of cervical muscles, positiveness of the neck-spinning experiment, and hyperextension of the neck.
| JOA scoring
The JOA score included scoring of 6 domains, including motor dys- 
| Statistical analysis
All the statistical analyses were carried out with usage of the SPSS software. The enumeration data were managed with chi-square test.
The measurement data were analyzed with independent t test if they accorded with normal distribution; otherwise, they would be dealt with using Kruskal-Wallis H test. Besides, the intergroup comparisons on the distribution of allele frequencies were carried out through chisquare test. The significance of all tests was set as P value < .05.
| RESULTS
| Baseline features of the subjects
There exhibited few distinctions between patients with cervical vertigo and healthy controls in the aspects of sex ratio and age (P > .05) (Table 1) . Nevertheless, the TCD results of patients with cervical vertigo were far beyond those of healthy controls, regardless of left vertebral artery, right vertebral artery and basilar artery (all P < .05).
Furthermore, the cervical vertigo cases investigated could be clas- 
| Association of genetic polymorphisms with the incidence of cervical vertigo
According to Table 2 , ADRA1A rs1048101 (T>C) and rs3802241
(C>T), NPY rs16476 (A>C), rs16148 (T>C), and rs5574 (C>T) and It is indicated in Table 3 
| Association of genetic polymorphisms with the prognosis of patients with cervical vertigo (ie, JOA score)
The homozygote TT of ADRA1A rs3802241 and homozygote GG of ADRB1 rs28365041 were remarkably associated with aberrantly higher JOA score (≥ 9), respectively, in comparison with genotypes CC and AA (OR = 0.25, 95%CI: 0.08-0.78, P < .05; OR = 0.28, 95%CI:
0.08-0.99, P < .05) ( 
| Association of genetic polymorphisms with the RR of patients with cervical vertigo
In light of Table 6 , the heterozygote TC of ADRA1A rs1048101 seemed to promote the RR of cervical vertigo up to more than 46.32% 
| DISCUSSION
NPY and NA coexisted within the same vesicle, and they were, respectively, secreted in the manners of adjustable and direct secretions. Intriguingly, after the release of NPY, NPY combined with NPY-Y1
receptors directly or indirectly heightened the NA-caused vasoconstrictive affects. 17 Moreover, NPY also could inhibit the vascularization led to by such molecules as acetylcholine and P substance. As vasoconstriction contributed much to the risk of cervical vertigo, this study investigated the effects of SNPs within NPY and NA on the susceptibility to and prognosis of cervical vertigo.
In particular, ADRA1A worked in such aspects as contraction of smooth muscles, variable time and force of myocardium, as well as adjustment of blood pressure. 18 Moreover, the ADRA1A antibody could be found within the serum of essential hypertension (EH), malignant hypertension, and refractory hypertension. [19] [20] [21] Among the investigated SNPs of ADRA1A, rs1048101 was located in the 4th exon of ADRA1A, and the mutation of C to T belonged to nonsynonymous mutation, suggesting that the mutation of bases could alter the sequences of the translated proteins and thereby to affect the function of proteins. Previously, a Brazilian study covering 1500 subjects of multiple ethnicities drawn a conclusion that rs1048101 could participate in altering the blood pressure of physically active populations. 22 More than that, rs1048101 was also documented to display associations with the effects of antihypertensive drugs on the blood pressure. [23] [24] [25] Thus, the correlation between rs1048101 and susceptibility to cervical vertigo was quite acceptable. In addition, rs3802241 (G>A), situated in the 5th exon of ADRA1A, was a tag SNP among the Chinese population according to HapMap database, which might render rs3802241 as a crucial factor in deciding the status of vasoconstriction.
Besides, ADRB2, which was expressed differently within cardiomyocytes, vascular endothelial cells, and bronchial smooth muscle cells, was documented to be involved with modifying heart rate, blood pressure, and breath. [26] [27] [28] For example, ADRB2 could induce the relaxed microcirculatory vessels of human coronary artery, implying the potential relations between its SNPs with vasoconstriction, which was a critical factor in regulating the development of cervical vertigo.
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For another, rs28365031 of ADRB1 has been reported as a biomarker predicting the unfavorable cardiovascular prognosis in certain populations, which also corresponded to our study result that rs28365031
could be associated with the prognosis of cervical vertigo in this investigation.
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In addition, NPY levels were found to be significantly elevated under the circumstances of sympathetic hyperactivity, which included hypertension, renal failure, and congestive heart. 33 Interestingly, males and females largely differed in NPY release and the vasoconstriction mediated by NPY for that testosterone would participate in upregulating the NPY expressions. 34, 35 As was demonstrated, NPY could contribute to forming the neointimal lesion that blocked the vessels within rats, which was partly representative of the occurrence of human advanced atherosclerotic plaques and neovascularization. 36 The molecule also stimulated restoration of blood flow and vascularization of local ischemia, indicating that NPY and its relevant genetic polymorphisms might modify the degree of vasoconstriction, one cause of cervical vertigo.
33,37
Above all, although this study preliminarily introduced the effects of sympathetic nerves on the development of cervical vertigo, it still remained at n the clinical level and in-depth inquiry was in demand. For example, the bioinformatic information during the process of spondylopathy was in demand with respect to the functions of receptors, release of neurotransmitters, and mediation of proteins within or around the pathway of sympathetic nerves. Besides, exploring the specific mechanisms about the pathological changes in nerve microcirculation, as well as the modulation of cerebral blood supply and compensatory balance that caused PCI still needed additional researches of basic subjects, including nerve physiology, molecular biochemistry, neuro-morphological anatomy, neuropathology, and so on. Finally, as cervical vertigo was an edge discipline that was related to ear-nose-throat department, ophthalmology department, orthopedics department, cardiology department, and gynecology department, the clinical and basic studies based on multidisciplines should be carried out to clarify the mechanisms underlying cervical vertigo.
In conclusion, this study provided proof that SNPs within NPY and NA were significantly associated with the susceptibility to and the prognosis of cervical vertigo, so that NPY and NA might serve as the precise diagnostic marker and treatment target of cervical vertigo.
Nonetheless, further researches in a large scale were in need to confirm the results of this study.
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